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Conventional architecture summary

Use parallelism to improve performance

Balance tradeoffs (e.g. using hierarchies)

Be aware of application when designing HW and vice versa
Rely on physics/EE, up to a point

Don't forget about correctness, power, security, usability...

What if we relaxed some of our traditional
views of computing?



V. Gupta, D. Mohapatra, S. P. Park, A. Raghunathan and
K. Roy, "IMPACT: IMPrecise adders for low-power
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Fukuoka, Japan, 2011, pp. 409-414, link

Approximation 3

Base case

Truncation

Reduce correctness expectations for
gains in speed, energy

e Remove gates (e.g. carry bits)

from arithmetic circuits :
e Truncate data/remove precision povp — 3116 PSNR — 1904  PSNR — 28.9
e Reduce memory reliability

e Skip loop iterations/end before i i, ool
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https://ieeexplore.ieee.org/abstract/document/5993675

A new paper from

IBM and UC Berkeley
shows a path toward s
usetul quantum CUTTING . |

computing THROUGH™

A useful application for 127-qubit quantum processors with error mitigation.

“With the confidence that our systems are
beginning to provide utility beyond classical
methods alone, we can begin transitioning our
fleet of quantum computers into one consisting
solely of processors with 127 qubits or more.” source
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https://www.ibm.com/quantum/blog/utility-toward-useful-quantum

Quantum effects used today
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https://www.sciencedirect.com/topics/computer-science/floating-gate-transistor
https://en.wikipedia.org/wiki/Quantum_tunnelling
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Futuxe of quantum applications

*&Qi&

Cryptography

Physics simulations

Al/ML

Medicine

Note: Breakthroughs are being
made, but current applications
of quantum computers are
very limited

Image source



https://en.wikipedia.org/wiki/Wind_tunnel

Probabilistic states

We can enumerate the states a system can be in
For coin: {Heads, Tails}, or {0, 1}

We can also assign a probability to an outcome
lbased on an event

For coin: % probability for each of 0/1 on flip

Notation: write probabilities as a vector or as a
superposition of observed states

Superposition just describes “probabilistic state”
of system
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Quantum state and qubits

In previous slide: sum of entries in probabilistic vector must be 1

Quantum state: Probabilistic vectors where the entries can have complex
quantities

Sum of squared magnitudes of entries must be 1
qubit (quantum bit): quantum state where the classical states are 0, 1

When quantum state is measured, classical state is observed with
probability (square of magnitude of corresponding state entry)



Quantum circuits eI SOEE



https://learning.quantum.ibm.com/course/basics-of-quantum-information/quantum-circuits
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Deutsch-Jozsa Algorithm

Designed to be exponentially faster on quantum vs classical computer

Given a black-box function {0,1}"—{0,1} that is promised to either be constant
(the same on all inputs) or balanced (0/1 for 50% of inputs), can we query the
function to find out if it is balanced or constant?

Best-case and worst-case number of queries in classical algorithm?

balanced
al| fi(a) a | fi(a)
0 0 0 1
1 0 1 1
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Deutsch’s algoxrithm (n=1)

0 if f is constant
1 if f is balanced

Image source

math derivation



https://learning.quantum.ibm.com/course/fundamentals-of-quantum-algorithms/quantum-query-algorithms
https://en.wikipedia.org/wiki/Deutsch%E2%80%93Jozsa_algorithm#Deutsch's_algorithm

Challenges

How to create
and maintain
a qubit?

Josephson junction
superconductors

[l ~ 7

insulator
A thin insulator sandwiched between two superconductors
There is a current flow J across the junctionin the

absence of an applied voltage. The current depends on
the tunnelina probabilitv of the electron pairs.

Superconductor
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https://www.sciencedirect.com/science/article/abs/pii/B9780443186738000144
https://www.science.org/doi/10.1126/science.aat4625
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https://www.ibm.com/quantum/blog/quantum-challenge-2021
https://newsroom.ibm.com/media-quantum-innovation?keywords=quantum&l=100#gallery_gallery_0:22083
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Keep them cold

Challenges for qubit stability
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https://news.fnal.gov/2022/12/its-colossal-creating-the-worlds-largest-dilution-refrigerator/
https://www.cnet.com/tech/computing/ibm-doubles-its-quantum-computer-performance/
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Median entangling gate error rate
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https://learning.quantum.ibm.com/course/quantum-computing-in-practice/welcome-to-quantum-computing-in-practice
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Y. Xu et al,, "QubiC: An Open-Source FPGA-Based
Control and Measurement System for
Superconducting Quantum Information Processors,”

Quantum controllerxs [rinradiiy merere
Quantum Machines OPX+
marketing page
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FIGURE 1. QubiC prototype hardware. MO: master oscillator, CLK: clock,

LO: local oscillator, FPGA: field-programmable gate array, DAC:

digital-to-analog converter, ADC: analog-to-digital converter, UP:

upconverter, DN: downconverter, QPU: quantum processor unit. The

yellow line indicates the measurement path, while the green line defines
) the qubit control path.



https://www.quantum-machines.co/products/opx/
https://www.quantum-machines.co/products/opx/
https://ieeexplore.ieee.org/document/9552516
https://q-ctrl.com/topics/what-is-quantum-firmware
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Other non-silicon computexs
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You can make a logic gate out of so many things! (sources)
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https://en.wikipedia.org/wiki/Unconventional_computing

